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6636 37 38 39 40 41 42 6643

4224 | 90 87 67 50 30 30 25 22
4225 | 84 84 81 75 47 25 22 22
4226 | 87 84 90 87 73 36 25 25
4227 | 95 92 95 90 90 70 45 28
4228 | 101 101 92 92 87 81 47 28
4229 | 101 95 87 84 70 64 39 36
4230 | 50 90 87 70 45 50 59 61
4231 | 87 78 78 53 61 70 87 92
4232 | 73 61 67 78 84 101 104 106
4233 | 59 73 87 98 104 118 118 109

Fig. 7

6636 37 38 39 40 41 42 6643

4224 | 1.0345 1.1044 1.0050 1.0067 0.7895 1.0547 1.0227 0.9706
4225 | 0.95%4  1.0027  1.0340 11,1250 0.9338 0.7188 0.8534 0.9296
4226 | 0.9584 0.9545 1.0411 1.0755 1.1079 0.7483  0.7550 0.9298
4227 | 0.9828 0.9892 1.0389 1.0176 1.1473  1.1372 1.0519 0.8968
4228 | 1.0033 1.0582 1.0000 1.0521 1.0755 1.2293 0.9658  0.7730
4229 | 1.0111  1.0130 0.9812 1.0588 _ 0.9798  1.0627 0.7548 0.,7660
4230 | 0.9643  1.0214 1.0845 0.9921 0.8257 0.9516  0.9274
4231 | 1.0398 0.9873 1.0604 0.7657  ©0,8971  0.8531  1.,0726  1.0311
4232 | 0.9955 0.8281 0.8960 0.9887 0.9857 1.0732 1.0343 1.0106
4233 | 0.7597 ©0.8854 0.9899 1.0328 1.0065 1.0695  1.0361  0.9543
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3314 15 16 17 18 19 20 21 3322
2108 31 33 31 35 31 29 26 17 17
2108 31 35 31 35 35 33 28 19 17
2110 29 29 36 38 38 35 22 15 17
2111 31 31 28 38 47 45 22 15 19
2112 28 28 26 35 42 50 36 15 19
2113 26 29 25 35 42 50 45 29 19
2114 | 31 35 35 33 40 47 40 26 17
2115 31 35 36 36 38 36 | 33 -4--- 23 28
2116 31 35 33 36 35 33 5 31 29
2117 31 33 29 28 26 29 29 24 26

6636 37 38 339 40 41 42 6643
4224 44,0000 48.0000 47.0625 41.1875 33.3125 23.4375 18.6250 18.8750
4225 44.0000 48.0000 48.1875 44.5625 38.4375 29.8125 23.8750 20.6250
4226 43.4375 47,3125 47.8750 45.1250 39.8750 32,1250 25.8125 20.9375
4227 42.3125 45.9375 46.1250 42.8750 37.6250 30.3750 24.4375 19.8125

|
|
|
|
4228 | 40.6875 43.0625 42.7500 39,7500 35.3750 29.6250 25.0000 21.5000
I
|
|
|
|

4229 38.5625 38.6875 37.7500 35,7500 _33.1250 29.8750 27.5000 26.0000
4230 36.7500 35.7500 34.5625 33.1875| 31.7500 30.2500| 29.1875 28.5625
4231 35.2500 34.2500 33.1875 32.0625| 31.2500 30.7500] 30.0625 29.1875
4232 32.5625 32.1875 31.6250 30.8750 30.1875 29.5625 25.0000 28.5000
4233 28.6875 29.5625 29,8750 29.6250 28.5625 26.6875 26.0000 26.5000
Fig. 10

6636 37 38 39 40 41 42 6643
4224 45.5172 53.0099 47.2978 41.4639 26.2993 24.7192 159.0483 18.3199
4225 42,2132 48,1273 49.8279 50.1328 35.8920 21.4307 20.3761 19.1725
4226 41.6298 45.16192 49.8442 48.5342 44.1785 24.0381 19.4853 19.4667
4227 41.5B830 45,4436 47,9184 43,6291 43.1675 34.5420 25.7070 17.7678

4229 38.9914 39,1917 37.0404 37.8529 32,4553 31.7491 20,7581 1%.9149
4230 35.4375 36.5164 37.4826 32.9262 22.6786 24.9771 27.7752 26.4879
4231 36.6544 33,8165 35.1928 24.5487 28.0331 25.3079 32.2451 30.0962
4232 32.4145 26.6530 28.3356 30,5271 29.7546 31.7265 29.9934 28.8019
4233 21.7927 26.1760 29.5728 30.5963 28.7468 28.5419 26.9385 25.2884

l
l
;
4228 | 40.8222 45.5690 42.7500 41.8208 38.0476 36.4193 24.1438 16.6196
|
|
|
|
i

Fig. 11
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1
DEVICE AND METHOD FOR THE
PROCESSING OF REMOTE SENSING DATA

CROSS-REFERENCE TO RELATED
APPLICATION

This application claims priority to German Patent Appli-
cation No. 102012221667.7 filed Nov. 27, 2012, the disclo-
sure of which is hereby incorporated by reference in its
entirety.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The invention relates to a device and a method for the
processing of remote sensing data. The invention relates in
particular to remote sensing image data of objects on the
earth’s surface and/or the atmosphere, where the image data
is obtained from remote sensing satellites, aircraft or other
flying objects (e.g. balloons).

2. Description of Related Art

In past years satellite systems have been additionally
equipped with sensor packages, where several initial sensors
with a local coarse resolution (because of the differently
designated spectral ranges also called multi-spectral sensors)
were extended with a second local fine resolution, panchro-
matic sensor, where the multi-spectral sensors are more sen-
sitive to incident radiation in a narrower spectral range in each
case (wavelength range) than the panchromatic sensor. On the
one hand, this trend follows from the fact that many applica-
tions require a high spectral resolution for satellite data with
afine local resolution, on the other hand, however, the transfer
quantity in case of transfer of remote sensing data from a
satellite to the ground station is limited. In particular in the
areas of geology, the land utilization mapping and/or the
updating of maps, e.g. for the agricultural and forest
economy, the data for applications are used, which are sub-
sumed into the term “change detection”. Another region
relates to the monitoring of natural catastrophes.

Typically the data (image data) of the multi-spectral bands
in the remote sensing are used for the derivation of the the-
matic information (e.g. the properties of the reflecting sur-
face), where the data of the panchromatic channel are used for
the extraction of spatial information. The objective is also to
have available for further processing the thematic informa-
tion with maximum high resolution at least corresponding to
the local resolution of the panchromatic data. The panchro-
matic image data can be employed for this refinement of the
local resolution of the multi-spectral data since, they were
generally recorded at the same time and represent the same
remote sensing objects.

With the measuring data of the multi-spectral bands and the
panchromatic band and/or the channels, it involves digital
image data. The remote sensing images are nowadays mostly
digital measuring data of radiation-measuring sensors in dif-
ferent spectral ranges, with which the images are two-dimen-
sional. The arrangement of the image elements (pixels) is also
designated as image matrix or image array. Every single
measurement of a sensor element of the image-providing
device produces a section or a small, almost point-like section
of'the image. The section is generally regarded as quadratic,
so that the edge length of the section, which is also designated
as a resolution, can be calculated from the square root of the
section size. However, the sections examined can also indi-
cate a different edge length in the different spectral ranges.

The single measurements which must be implemented for
the formation of an image matrix can be implemented either
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2

in series (which means one after each other) or in parallel
(which means simultaneously). The type of origin of the
image matrices is of subordinate importance for the process
of refinement of the local resolution. Furthermore, not only
one image matrix is usually recorded but image matrices are
continuously recorded. Preferably the image data of the
multi-spectral channels are therefore refined for every record-
ing time point or every image matrix.

The trend is noted that the sections to be measured become
increasingly smaller, i.e. the spatial resolution becomes
increasingly better such that the entire surface areas examined
become increasingly larger, i.e. the total number of sections
(pixels) become ever greater and the number of examined
spectral ranges also increases. The refinement of the local
resolution of the multi-spectral channels targeted in this case
determines an exponential rise of the data quantity to be
processed. In many cases, it is required that the data be pro-
cessed with the speed (rate) with which it is recorded (i.e.
digitally stored). Processing in real time is referred to in this
case.

A useful application of the refined multi-spectral image
data is e.g. disaster management, for example in the case of
forest fires on a large surface area, volcanoes, tsunamis and
earthquakes. In this case, the processing of fine-resolution,
multi-spectral data represents a significant advantage com-
pared to the utilization of low-resolution data.

The digital image data must not necessarily be obtained
directly from digital cameras, as designated above. Rather it
is also possible to use other remote sensing processes, at least
for a part of the multi-spectral channels, such as e.g. radar
systems with the possibility of the generation of locally fine-
resolution data which, however, also in case of cameras, can
be stored in the form of digital image data with pixels
arranged in lines and columns. In the case of satellites, the fine
and coarse resolution digital image data do not necessarily
have to be obtained from the sensors of only one satellite. For
example, a sensor of a further satellite and/or a radar system
can be used in addition.

Different processes for the refinement of the resolution of
multi-spectral digital image data are known. In this case, it
involves statistical methods and methods which are based on
color space transformations, or of methods which are based
on physical considerations. The objective of all refinement
methods is to predict measured values (pixels) at image loca-
tions, which have actually not been measured. From the
multi-spectral channel there are only pixels present which
correspond to a large local area in each case. Furthermore, the
local finer resolution image information from the panchro-
matic channel is present only with a smaller spectral resolu-
tion. The result of the refinement of the multi-spectral image
data can therefore be correct with a certain probability only,
however, not with ultimate certainty.

For example, from EP 1 626 256 Al, a method for the
processing of multi-spectral remote sensing data is known. In
a local area or section of the panchromatic measuring data, a
local distribution of a radiance of a reflection factor recorded
in the panchromatic measuring data, or an equivalent radia-
tion extent is determined and, considering a balance of at least
a part of the radiation energy recorded through the measuring
data or a balance of the radiation energy equivalent size, is
transmitted to a corresponding local area or section of the
multi-spectral measuring data, so that the local resolution of
the multi-spectral measuring data is refined. In spite of the
consideration of the balance ofthe radiation energy, the result
of the refinement with this process is also correct with a
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certain probability only, i.e. it corresponds to the actual con-
ditions in case of directly-refined measurement with the cer-
tain probability only.

The different known processes are differentiated not only
through the process principles which underlie them, but also
through different resource requirements on main memory and
processor performance of a data processor or data processor
system. In addition, there are processes which can be virtually
realized better or worse through digital data processors.

Since, with the image data, it involves digital image data,
the data processing time required for the refinement is a
significant criterion as to whether or not the process is suited
for the appropriation of the refined data in real time.

Some known processes use so-called wavelet transforma-
tions for the refinement, the method of main-component
analysis or other transformations which lead to inconsistent,
non-color-retention results. Other known processes require
so-called classified image data for the refinement of the multi-
spectral data. This requires an extensive preprocessing of data
with additional data for classification.

The publication of J. G. Liu “Smoothing Filter-based
Intensity Modulation: a spectral preserve image fusion tech-
nique for improving spatial details”, published in Int. J.
Remote Sensing, 2000, Vol. 21, No. 18, Pages 3461-3472
describes a data fusion technology to spatially integrate
lower-resolution, multi-spectral images with spatially higher-
resolution panchromatic images. A Pixel Block Intensity
Modulation (PBIM) technology is further developed to a
Smoothing Filter-based Intensity Modulation (SFIM) tech-
nique. For every pixel of the high-resolution image, a local
average value is calculated with a smoothing fold filter. The
filter core size is decided based on the resolution ratio
between the higher and lower resolution images.

In order to enable the finer and coarser resolution image
data to be fused with each other, the data should be co-
registered as far as possible, i.e. it should be exactly known
over the entire recorded image field which location in one
image corresponds to which location in the other image.
Since an exact co-registration frequently does not succeed in
practice, however, Liu proposes in his publication to select
the size of the filter core by means of a statistical correlation
analysis of the different images. A smearing of edges not
matching completely with each other is reduced through
enlargement of the filter core, i.e. the resulting image is sharp-
ened at the edges of structures represented. On the other hand,
according to Liu, a too large core size leads to an edge
improvement which is not absolutely desired. The edges
become apparently sharper, however, because of the strong
smoothing effect, no longer correspond to reality. In particu-
lar, the histogram function of the initial, non-refined image is
modified by the smoothing in the refined resolution image. In
local areas, a change of the integral of the image values over
the local area occurs through the smoothing.

In addition, the application of a smoothing filter increases
the computation time for the data fusion. This is contrary to
the requirement that the data is refined with regard to its
resolution, as far as possible in real time at the location of its
extraction (e.g. in a satellite), and is transmitted to a remote
receiving station, in particular on the planetary surface, or the
resolution improvement is implemented in real time imme-
diately with the data reception on the planetary surface. If
further, new image data result through the on-going observa-
tion of the planetary surface than are capable of being refined,
a transfer in real time is no longer possible.

SUMMARY OF THE INVENTION

It is an object of the invention to propose a method and a
device for the processing of remote sensing data which, with
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the use of image data of a measurement channel with locally
finer-resolution image data, will enable a refinement of the
local resolution of first image data with a low-level of data
processing effort, in particular in real time. In addition,
refined image data should be received in this case, in which
edges of mapped structures, with imprecise co-registration of
the coarse and fine resolution image data, are sharp. Further-
more, an object of'this invention is to propose a corresponding
computer program for the implementation of the process.

In the literature, the fusion of images has been designated
as their linking according to a predetermined specification.
This means that every image element (pixel) of one image,
according to this specification, is linked with an image ele-
ment of the other. Both image elements are to be allocated
exactly (for example over an addressing specification). This
allocation is e.g. provided if both images are co-registered
exactly and the image elements to be linked can therefore be
found at identical addresses. In practice, this co-registration is
first established and the data fused in a second step. Also the
resolution improvement of a coarse-resolution image by
means of a finer-resolution image is therefore an image fusion
(data fusion). In earth observation, the resolution improve-
ment is implemented either with data of a sensor system,
which supplies the image data in several channels of different
spatial resolution, or with data of different sensors whose
image data has a different spatial resolution.

This invention is based on the basic idea that the method of
refinement of the local resolution within an image to be
refined, which is processed with the use of a finer-resolution
image concerning at least in part the same local image region,
is varied, i.e. the method is implemented for the refinement of
the same image differently for local sections of the image than
for other local sections of the image. How the process is
implemented is determined preferably from the local depen-
dence onthe image values (e.g. gray shades or color values) in
local sections of the finer-resolution image (e.g. image
defined by the panchromatic image data). In particular, an
additional smoothing of the local change of the image values
is carried out in a section of the image, if the gradient of the
image values is large (i.e. the image values are changed sig-
nificantly over small local areas or at short distances). This is
the case in particular at edges of structures recorded by the
image, i.e. at edges of the image structures. The image values
at such edges can change abruptly from one pixel to its adja-
cent pixel, while e.g. both pixels are associated with a local
section of the image with coarser resolution, in which the
image values indicate only small differences in each case. In
particular, it is also possible to smooth the local plot of the
image values all the more, the greater the gradient of the
image values in a local section, in particular at the location of
the respective pixel to be refined of the coarse resolution
image data.

This smoothing is carried out preferably only for the deter-
mination or with the determination of weighting values which
correspond to the weighting of an image value of a pixel in the
relationship of the image value of the pixel to image values of
surrounding pixels in a defined, in particular predetermined
local environment of the pixel. If the pixel has e.g. a small
gray shade in comparison with the gray shades of its sur-
rounding pixels, the weighting of the image value of the pixel
is small. If the plot of the image values is constant in the
environment, including the pixel, the weighting of the image
value of the pixel is average. A corresponding weighting
value can be e.g. 1 in this case. The weighting value in
particular can have a value near 1 if the plot of the image
values is not constant in the environment, however, the image
value of the pixel has a high content of the total of the image
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values in the environment. In other words the weighting value
can be small if the image value of the pixel has a small content
of the total of the image values in its environment.

It is preferred not to implement any smoothing of the local
plot of the image values for the purpose of the determination
of'the weighting value in the area of the pixel and its environ-
ment, if the local plot of the image values, including the pixel,
is constant in the environment, if the plot is almost constant or
if the difference of the image value of the pixel to the image
values of the surrounding pixels and/or to the image value, or
values, of a part of the surrounding pixels is greater than/equal
to, or greater than, a specified limit value. The cases linked
with “or” in the preceding sentence are different attributes of
the process. The consideration of the differences of the image
values and the analysis, as to whether the local plot of the
image values is constant, is approximately constant or indi-
cates larger gradients, is preferably referred to the finer-reso-
Iution image data which are employed for the refinement of
the coarser-resolution image data. From the finer-resolution
image data, information can be determined about the local
plot of the image values with higher local precision.

In particular, according to the image matrix of the finer-
resolution image data or according to a section or several
sections of this image matrix, a matrix of weighting values
can be determined which is employed for the refinement of
the image data of coarser resolution. In this case, every
weighting value of the weighting value matrix is employed
for the formation of a corresponding image value of the
refined resolution image data. For example, refined image
data can first be formed temporarily from the image data of
coarser resolution, which in particular have the same local
resolution as the finer-resolution image data. In a further
process step, the weighting values can then be employed in
order to form the finally refined image data from the tempo-
rarily refined image data from the weighting value matrix.
Preferably every weighting value from the weighting value
matrix corresponds in this case to an image from the matrix of
the temporarily refined image data.

In particular with the formation of the previously desig-
nated weighting value matrix, the above described principle is
employed, according to which the weighting values are deter-
mined in a different manner, dependent on the local plot of the
image values in an environment of the respective pixel, to
which the weighting value should be allocated. At any rate, in
the case of environments and local areas in which the gradient
of'the image values is large (e.g. at edges of image structures),
a smoothing is carried out for the purpose of the formation of
the weighting value. On the other hand, in particular in envi-
ronments or local sections in which the gradient of the image
values is 0 or almost 0 (thus the image values in the local
section are constant), the formation is carried out without
smoothing for the purpose of the determination of the weight-
ing values. If a smoothing is not carried out for the purpose of
the determination of weighting values in a section of the
image data, this does not exclude the possibility that, in a
preceding step of the preparation of the image data for the
data fusion, a smoothing is carried out over the entire image
data, e.g. in order to dampen the effect of statistical outliers.
However, such a smoothing is generally possible with simple
resources i.e. with short computation time. On the other hand,
if a smoothing was carried out in each case with the formation
of the weighting values of every individual pixel, this would
considerably increase the computation time.

Therefore the invention has the advantage that, in the area
of large gradients of the image values, a smoothing can and
will be carried out, so that the effects of the edge smearing, as
described by Liu in the publication, can be avoided in par-
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ticular. Simultaneously, the smoothing is implemented only
in the necessary scope and in particular not in sections of the
image in which the image values are constant or almost con-
stant. Therefore high levels of computation outlay are
avoided and in particular a processing of the image data can
be implemented in real time, if a processing in all image areas
was not possible in real time in case of smoothing for the
purpose of the formation of the weighting values.

In particular the following is proposed: A method for the
processing of remote sensing data, wherein first digital image
data, which are or were obtained by remote sensing and which
are image data of at least a first measurement channel, are
processed with the use of second digital image data, which are
or were obtained by remote sensing from a registration range
in common with the first image data, and which, in compari-
son with the first image data, are image data with a finer local
resolution of at least a second measuring channel, wherein

a) the local resolution of the first digital image data, at least
for a section of the common registration range, is tem-
porarily refined without utilization of image values of
the second digital image data, in particular by interpo-
lation between pixels of the first digital image data, in
such a way that the local resolution of the temporarily
refined first image data corresponds to the local resolu-
tion of the second digital image data and that one pixel of
the temporarily refined first digital image data corre-
sponds to every pixel of the second digital image data,

b) for a plurality of pixels of the second digital image data
in the section of the common registration range, in par-
ticular for every pixel of the second digital image data in
the section, one weighting value for the pixel is deter-
mined in each case, which corresponds to a weighting of
an image value of the pixel in the ratio of the image value
of the pixel to image values of surrounding pixels in a
local environment of the pixel,

c¢)dependent on how large the difference of the image value
ofthe pixel to the image values of the surrounding pixels
and/or to the image value, or values, of a part of the
surrounding pixels is, before or with the determination
of the weighting value, a smoothing of the local plot of
the image values in the area of the pixel and its environ-
ment is implemented, such that the weighting value in
case of larger values of the difference is based on an
additional smoothing of image values in the area of the
pixel and its environment, and in case of smaller values
of the difference not, or such that the weighting value in
case of larger values of the difference is based on a
stronger smoothing of image values in the area of the
pixel and its environment than in case of smaller values
of the difference,

d) every pixel of the temporarily refined first digital image
data which corresponds to a pixel of the plurality of
pixels of the second digital image data is weighted with
the weighting value of the corresponding pixel of the
second digital image data, and in this way refined first
image data are obtained, which were obtained using
information about the finer-resolution second digital
image data.

In particular, the method for the processing of remote sens-
ing data can have at least one of the following feature or an
arbitrary combination of the following features, according to
which

the local resolution of the first digital image data, at least in
alocal section, is refined by interpolation between pixels
of the first digital image data,
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for every pixel of the second digital image data, an average
value of the pixels in a local environment of the pixel is
calculated and the quotient of the pixel and the average
value is formed,

every pixel of the first digital image data (with reference to

the location) is multiplied by the corresponding weight-
ing value or quotient, and in this way refined first image
data are obtained (not only temporarily), which include
information about the finer resolution second digital
image data.

The quotient is formed as weighting value in this case, and
this is dependent on the difference of the image value of the
pixel to the image values of the surrounding pixels and/or to
the image value, or values, of a part of the surrounding pixels.

Generally it applies (in particular dependent on the ques-
tion as to whether it involves a surface pixel or a contour
pixel) that the applicable methods of the weighting value
formation can be stipulated by the user, or are capable of
being be stipulated by the user, or can be stipulated automati-
cally after analysis of the image characteristics.

If the division of the methods in the publication of Liu are
followed, which differentiates between SFIM (Smooth Filter
Intensity Modulation) processes and PBIM (Pixel Block
Intensity Modulation) processes, then e.g. these two methods
can be employed on the same images, i.e. both methods are
employed during a process of the refinement of the local
resolution. In particular, the PBIM method can be employed
in image areas which indicate constant or almost constant
image values (which means so-called surface pixels). Fur-
thermore, the SFIM method can be employed in image areas
with large gradients of the image value as a function of the
location. Likewise, a utilization of the one or the other method
in combination with another method is possible in each case.
Furthermore, it is possible to employ not only two environ-
mental variables for the formation of the weighting values,
but to employ several environment variables and to select the
environment variables dependent on the image characteris-
tics.

In many cases, at least one first spectral range, in which
incident radiation is recorded by the first digital image data
and which is allocated to the first measurement channel or to
one of the first measuring channels, is narrower than a second
spectral range, in which incident radiation is recorded by the
second digital image data. However, this is not a compelling
prerequisite for the process presented here. If this is the case,
the first spectral range or the first spectral ranges can be
included completely in the second spectral range. However,
this is also not a necessary feature compelling. For example,
the spectral ranges also cannot indicate any overlapping.

With the second digital image data, it involves in particular
so-called panchromatic image data. By panchromatic is
understood that the corresponding measuring channel of the
panchromatic sensor detects the incident electromagnetic
radiation in a wide spectral range. The width of the spectral
range in many cases includes the range of the electromagnetic
radiation observed by the human eye and is frequently
extended by the near infrared range (to approx. 1100 nm
wavelength). The spectral range is wide in relation to the
spectral measuring ranges of at least one sensor and prefer-
ably a majority of so-called multi-spectral sensors, which
record the first digital image data. In case of a single spectral
range in which the first digital image data are recorded, it does
not involve multi-spectral image data in the actual sense.
Nevertheless, multi-spectral image data are referred to in the
following, since this is an introduced specialist term. The
spectral measuring range of the panchromatic sensor in this
case preferably encompasses at least one spectral range of the
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multi-spectral sensor or sensors. The spectral measuring
ranges of the multi-spectral sensors can overlap in this case
and/or gaps can be present within the spectral measuring
range of the panchromatic sensor, in which none of the multi-
spectral sensors can detect radiation. Preferably, none of the
spectral measuring ranges of the multi-spectral sensors
extend beyond the limits of the spectral measuring range of
the panchromatic sensor. Indeed a satellite can e.g. also indi-
cate further sensors, whose spectral measuring ranges extend
beyond the range of the panchromatic sensor or lie outside of
this. However, these multi-spectral sensors are preferably not
considered in the refinement of the local resolution.

By a channel and/or a measuring channel is meant mea-
sured values referred to a single continuous spectral range,
which can change in particular with the passage of time. The
measured values can correspond to a solid angle range, which
is constant time-related, recorded by a measurement sensor
(where the alignment of the solid angle range can change with
time) and/or can be spatially subdivided into a number of
image elements (pixels) and result in an image composed of
the image elements.

A common registration (co-registration) of the first and the
second image data is prerequisite for the refinement. By com-
mon registration is meant that it is known which location in
the first image data corresponds to which location in the
second image data. The common registration should be as
exact as possible, since otherwise corruption can result with
the refinement of the image data. For the co-registration,
known processes can be employed which are not dealt with in
more detail here. For example, characteristic image sections
can be referred to in the first images on the one hand, and the
second images can be referred to for the co-registration on the
other hand. A calibration of the sensors which generate the
first and the second image data, or a calibration of the gener-
ated image data is not required for the implementation of the
refinement. Such a calibration can also be implemented after
the refinement. By the calibration it is achieved in particular
that the spectral radiant flux density of the radiation incident
on the sensor element can be allocated to the respective image
values of the pixels.

In particular, the refinement of the first image data is pos-
sible in at least three process steps, where two of these three
process steps can be implemented in parallel with each other,
since they concern only one type of the image data. For
example, the step designated as a fourth process step in the
following processes only first image data, and the process
step designated as a fifth step in the following processes only
second image data. First the step designated as a sixth process
step in the following requires the result, or at least partial
results of the fourth and fifth process step. These steps are
designated as a fourth, fifth and sixth process step only,
because before these process steps several other process steps
are still capable of being implemented optionally. In particu-
lar, if several first images from different measuring channels
and/or with use of the results of the same implementation of
the fifth process step should be resolution-refined in parallel,
a fourth process step in each case can be implemented for
each of the first image data in each case and/or a sixth process
step can be implemented for each of the first image data.

As a first process step, the local lower-resolution image
data can be processed. In particular, prominent object limits
of'the objects recorded by the remote sensing can be detected
in this step. This step should always be implemented when an
inadequate co-registration of the low and high, as well as
coarser and finer, resolution image data is present, which thus
impairs the quality of'the data fusion. In particular for the case
where several coarse-resolution first (for example multi-spec-
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tral) images, that is the corresponding image data, should be
fused with the same fine-resolution (for example panchro-
matic) second image data in each case, the first image data
best suited for this are preferably used for the detection of the
prominent object limits, in particular when the multi-spectral
image data already indicate a very good co-registration with
respectto each other (for example because they correspond to
channels of the same sensor). In addition, or as an alternative,
in this first process step, a contrast improvement of the image
contrasts in the first image data, a noise reduction of the first
image data and/or a filtering of the first image data, can take
place.

As a second process step, which is capable of being imple-
mented in addition to the first process step and/or in addition
to the third process step, or also without the first and third
process step, the locally finer-resolution, second image data
can be processed. In particular, prominent object limits of
objects recorded by the remote sensing can be detected in this
step. This step should always be implemented when an inad-
equate co-registration of the coarser and finer-resolution
image data is present, which thus impairs the quality of the
data fusion. In addition, or as an alternative, in this second
process step a contrast improvement of the image contrasts in
the second image data, a noise reduction of the second image
data and/or a filtering of the second image data, can take
place.

In the third process step, to be implemented in particular
after the first and second process step, if prominent object
limits have been detected in the preceding process steps in
each case, the co-registration of the first and second image
data can be improved on the basis of the detected prominent
object limits. In particular, the coordinates of identical points
of the prominent object limits, identified in the preceding
process steps, are compared for this purpose. For each of the
identified points which should be distributed in their location
as far as possible uniformly over the surface of the images, the
shift is determined. These points are in particular the basis for
the interpolation and/or optimization of the shift for all image
points, and through that the improvement of the co-registra-
tion.

In the third process step it can be determined, as an alter-
native or in addition to the improvement of the co-registration
for pixels in the second image data, in particular for all pixels
in the second image data for which a corresponding pixel
should be generated in the refined first image data, how large
the difference is of the image value of the pixel to the image
values of the surrounding pixels and/or to the image values of
a part of the surrounding pixels. Formulated more generally,
the information, on whose basis it is determined in which
procedure the weighting value is determined for the respec-
tive pixel, can be determined in the third process step for the
pixels in the second image data. It does not need an explicit
determination of the procedure if the determined information
enables the implementation of the respective allocated pro-
cedure immediately. For example, the determined informa-
tion can exist in that the respective pixel is either a so-called
block pixel (that is part of a block, i.e. environment of pixels
with constant image values or almost constant image values
which can also be designated as a surface pixel) or an edge
pixel (which can also be designated as a contour pixel) at an
edge (that is boundary) of an image structure or of an image
object, and therefore have surrounding pixels in the environ-
ment of the pixel strongly deviating from the image value of
the pixel. Basically it is also possible that the determined
information has further states differing from the status of the
“block pixel” and the “edge pixel”, for example the status of
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a “gradient pixel” in an environment in which the image
values change with almost constant gradients.

In particular in one of the first to third process steps, or in
an additional process step, the second and/or at least one first
channel can be calibrated before the refinement of the reso-
Iution channel or after that, and optionally can also be sub-
jected to a sun-position and/or atmosphere correction. The
finer-resolution remote sensing data can be evaluated quan-
titatively and/or processed further in another manner.

The first and second image data include picture informa-
tion of at least one common recorded range, that is at least one
part of the recorded local area of the second image data is also
represented in the first image data and vice versa. In particu-
lar, both measuring data include an almost congruent repre-
sentation of objects on the earth’s or planetary surface in
different scales.

The fourth process step, which can be implemented simul-
taneously with the fifth process step, where the fourth and
fifth process steps can also be implemented after each other,
has as its objective a provisional refinement of the local reso-
Iution of the first image data. This provisional refinement can
also be designated as a geometrical transformation. A refine-
ment can be produced in the fourth process step in particular
by interpolation, at least in a local section, of the first image
data between the existing pixels, i.e. further pixels are gener-
ated between the existing pixels. In this way, a local resolution
of the first image data, which corresponds to the local reso-
Iution of the second image data, is generated. Therefore, after
the interpolating, every pixel of the second image data has a
corresponding pixel in the first image data, at least in the local
section in which interpolation was carried out. The provi-
sional refinement of the local resolution can be implemented
separately for different first image data, e.g. separately for
three or four different spectral ranges, in which first image
data were recorded. In particular in this case, the interpola-
tions can be implemented for the individual spectral areas
separately and time-related in parallel.

On edges of the first image data or the local area of the first
image data to be interpolated, an extrapolation can occur in
addition. In this way e.g. new edge pixels of the provisionally
refined resolution area of the first image data can be gener-
ated.

In an especially simple case, the interpolation is imple-
mented such that the value of the next adjacent pixel is allo-
cated to a pixel to be newly generated between several other
existing pixels. In another case, a value is allocated to the
pixels to be newly generated which is calculated from the
weighted values of several adjacent pixels. For example, the
weighting can depend on the separation distance to the adja-
cent pixel which already exists. This is the case e.g. with the
application of the method of bilinear interpolation, with
which it involves a recognized standard procedure of the
digital image processing. However, more complex interpola-
tion models can also be employed. However, no precise
knowledge exists in all cases about which value the pixel new
to be generated would have been provided with, if it had been
generated e.g. with the aid of a correspondingly finer resolu-
tion array of radiation-sensitive sensor elements.

The fifth process step has the objective of preparing the
information of the finer resolution second image data for
application to the first image data. This preparation, i.e. the
implementation of the fifth process step with several different
first image data records, must be implemented in this case
only once in total. The result of the fifth process step is usable
in a similar manner for all different spectral ranges of'the first
image data. In the fifth process step, which can be imple-
mented simultaneously with, or after, the fourth process step,
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for every pixel of the second image data, for which a weight-
ing value is to be determined, the weighting value (in particu-
lar through quotient formation from an average value) is
calculated with respect to all pixels in a local environment of
the pixel. Thus a field (matrix) of directional values is formed,
in which the weighting values are arranged in columns and
rows, where every weighting value expresses the weighting of
the corresponding pixel value (with reference to the location
in the second image) relating to the image values in its envi-
ronment. Generally, in case of environments which are not
too small or not too great variations of the image values of the
pixels, in particular in the case of the quotient, the value of the
quotient will be near 1.

It is preferred that the weighting value is determined on the
basis of an additional smoothing of image values in the area of
the pixel and its environment exactly if the difference of the
image value of the pixel of the second image data to the image
values of the surrounding pixels, and/or to the image value, or
values, of a part of the surrounding pixels, is greater than/
equal to, or greater than, a specified limit value.

As aresult of utilization of a specified limit value, it can be
determined and differentiated in a simple way for which
pixels an additional smoothing of the determination of the
weighting value is to be implemented.

In particular, an average value of the image values of the
corresponding pixel ofthe second image data is determined in
case of the determination of the weighting value for every
pixel of the temporarily refined first image data and its sur-
rounding pixel in the local environment of the pixel. Prefer-
ably, the quotient is determined as the weighting value of the
pixel, by division of the image value of the pixel through the
allocated average value.

The formation of an average value and the subsequent
quotient formation represent a simple and proper determina-
tion of the weighting value.

In particular, the average value of the image values is
determined in a local area of the second image data, which
corresponds to the local area of the corresponding pixel of the
first image data not yet refined, if the difference of the image
value ofthe pixel of the second image data to the image values
of'the surrounding pixels and/or to the image value, or values,
of a part of the surrounding pixels is smaller than, or smaller
than/equal to, a specified limit value.

In particular, the average value of the image values is
determined in a local area of the second image data, which is
greater than the local area of the corresponding pixel of the
first image data not yet refined, and which includes the local
area of the corresponding pixel of the first image data, if the
difference of the image value of the pixel of the second image
data to the image values of the surrounding pixels and/or to
the image value, or values, of a part of the surrounding pixels
is greater than/equal to, or greater than, a specified limit value.

In the sixth process step, the image value of every pixel of
the temporarily-refined first digital image data is weighted
(with reference to the location) with the corresponding
weighting value of the corresponding pixel of the second
digital image data (in particular multiplied by the quotient
from the fifth process step) and provided with refined first
image data in this way. In case of these refined image data, it
no longer involves merely temporarily-refined image data,
rather it involves image data which include information about
the finer resolution second digital image data. This sixth
process step can be designated as data fusion.

As already mentioned, the entire process can be paralleled
very well, i.e. very many process steps and partial calcula-
tions can be implemented parallel in time with other process
steps. In particular, the resources of parallel processors and

20

35

40

45

55

12

multi-processor systems available nowadays can be utilized
very effectively. Not only the fourth process step can be
implemented parallel in time with the fifth process step in this
case. As an alternative, or in addition, calculations can also be
implemented in parallel within the fourth and fifth process
steps. The parallelization within the fourth process step
depends for example on the method of interpolation. If e.g.
interpolation is implemented only linearly between several
nearest-adjacent existing pixels, this interpolation can be
implemented separately for all intermediate spaces between
existing pixels and thus paralleled. In case of the fifth process
step, the calculation of every average value of the pixels can
be implemented in a local environment in parallel. Also the
multiplication of the respective average value by the corre-
sponding pixel, which is generally located in the middle of the
local environment, can be implemented in parallel with the
corresponding multiplications for other pixels.

However, the process cannot be paralleled in a simple way,
e.g. for a so-called SIMD (Single Instruction Multi Data)
architecture structured as executable, but is very simple in
total concerning the outlay for the calculation of the refine-
ment. Nevertheless, the important information made avail-
able in the second image data is used for the refinement of the
first image data.

The process can therefore be applied in simple way in
special hardware, which is designed especially for the refine-
ment operations. For example, in case of such special hard-
ware, it can involve an FPGA (Field Programmable Gate
Array). Furthermore, the refinement is based on the utiliza-
tion of the high-resolution geometric information existing in
the fine-resolution second image data as a model. In particu-
lar, no additional quality control is required because of the
process-inherent retention of the measurement signal levels.

On principle, with the process, any relationships between
the local resolutions of the first image data, on the one hand,
and the second image data, on the other hand, can be dealt
with. In particular, the size of the local environment, in which
in the fifth process step of the respective weighting value (e.g.
average value) is formed, can also depend on the relationship
of the local resolutions of the first and the second digital
image data. The local environment can be selected larger in
this case, the larger the ratio of the local resolutions of the first
and the second image data. In particular, the edge length of the
environment variables for the mean-value generation is
greater than or equal to the resolution ratio, multiplied by the
edge length of a pixel of the image data of coarser resolution.
This applies for integral and analog, as well as for non-
integral, resolution ratios. As an alternative, or in addition, the
local environment can depend on the gradient of the image
values for the formation of the weighting value.

Integral, in particular even multiples of the local resolution
of the first and the second image data, are preferred, even if
other non-integral ratios can occur. It is preferred in particular
that the weighting value is computed for pixels which are not
located on the edge of the image or of the local section, in
which refining takes place, in an environment of the respec-
tive pixel, which has a number of pixels in each case in line
and column direction which is equal to the integral multiple of
the local resolution, if the resolution ratio is an uneven whole
number, or is equal to the integral multiple of the local reso-
Iution plus 1, if the resolution ratio is an even whole number.
If the ratio of the local resolution of the first and the second
image data is for example 2:1, the line and column length of
the local environment has a value 3. In the case of the reso-
Iution ratio being 3:1, the line and column length for the
calculation of the weighting value of the predefined local area
is preferably 4.
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The weighting values, in particular the quotients obtained
through formation of the ratio between the image value of the
pixel and the average value in its environment, are preferably
stored, and not only with the objective to employ the weight-
ing values for the formation of the not only temporarily
refined first image data. Rather the weighting values can be
used for additional data processing steps. The reason for this
is that, as a result of the type of the calculation of the weight-
ing values, contrasts at edges, corners and linear structures of
the image object recorded by the image data, are especially
well highlighted. Such a further processing step can be the
verification e.g. as to whether certain expected structures are
located in the image, for example for the identification of the
image objects in classes such as “forest”, “water”, “fields”.
The calculation of the weighting values can also be imple-
mented before beginning the actual process of the refinement
of the local resolution of the first image data, in order to
achieve a co-registration of the first and the second image data
and/or to improve it. As already mentioned, so-called char-
acteristic (prominent) structures or so-called control points
can be employed for the co-registration. If the weighting
values have already been determined before the beginning of
the actual refinement process, they do not have to be imple-
mented again during implementation of the process steps for
the refinement. The sixth process step for the formation of the
first image data, which is not only temporarily non-refined,
then only has as content the application of the weighting
values to the respective image value of the pixel (for example
multiplication of the quotients with the respective image
value of the pixel).

In the case of colored image data, if therefore every pixel
indicates not only a gray shade, but a majority of color values
(e.g. in the RGB range) or a unique color value, e.g. as a bit
sequence, the color impression acting on the observer is
retained with very great probability through the refinement, in
particular when the first and second image data were gener-
ated synchronously and/or with an identical image generation
process.

Furthermore, a data compression can be achieved by a
reversal of the process, i.e. a reduction of the data quantity.
This takes effect favorably e.g. with the transfer of remote
sensing data, say from a satellite to the ground station.

Furthermore, the data-processing device, which is used for
the refinement of the local resolution of the first image data,
can also be additionally employed for other data processing,
e.g. for the calibration of the remote sensing data. The cali-
brated values are generally a linear function ofthe gray shade.
The calculation of the spectral radiant flux density spSFD
from the gray shades (dc—digital counts) of the image data
which is optical in most cases, follows a linear function in
particular:

spSFD=gain(Bd)*dc+offset(Bd)

The variables gain(Bd) and offset(Bd) are generally
device-specific constants dependent on the spectral band, and
are typically already defined before the start. The variable
gain (Bd) corresponds to an amplification factor for the mea-
sured signal. Its value can be changed optionally remote-
controlled. There are also sensors for which no offset-value is
indicated, i.e. the gray shade “0” corresponds to the case
where no radiation is incident on the sensor. With the
described data-processing device, it is also possible to multi-
ply image data by a constant factor and to add a constant
value. In this way, the image data can be calibrated.

By a local section of digital image data which should be
refined is meant a part of the entire local registration range of
the respective measuring channel. The local section in this
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case is related to the location of a measurement sensor in
particular. Subject to the prerequisite that all radiation inci-
dent on the measurement sensor and recorded comes in
almost parallel (therefore no transverse radiation must be
considered), the local section is allocated unambiguously to a
section of the total recorded solid angle range of the measure-
ment sensor. However, cases are also covered by the invention
where transverse radiation can occur and corresponding cor-
rections can be carried out as appropriate.

In general, the spectral ranges of the first (in particular
multi-spectral) channels do not cover the entire spectral range
of'the second (in particular panchromatic) channel. From the
first channels, measured values are therefore not existing for
all partial spectral ranges of the second channel. In addition,
there can be overlapping of the spectral ranges of the first
channels. Furthermore, the spectral ranges of the first and
second channels do not have to overlap each other. The pro-
cess proposed here makes it possible, in a simple manner, to
refine every first channel independently of the other channels.
In this case, the same quotients (also designated as weight-
ings) of the corresponding pixels of the second channel can be
employed for every first channel. The weightings must there-
fore be computed only once for every pixel of the second
channel and for every time-point of the image data.

The invention also includes a device for the processing of
remote sensing data, wherein the device is designed to pro-
cess first digital image data of at least one first measuring
channel obtained by remote sensing with the use of second
digital image data which are or were obtained by remote
sensing from a registration range in common with the first
image data and which, in comparison with the first image
data, are local finer-resolution image data of at least a second
measuring channel, and wherein the device indicates the fol-
lowing:

A processing device which is designed to refine the local
resolution of the first digital image data, at least for a
section of the common registration range temporarily,
with the use of image values of the first digital image
data, however, not the second digital image data, in such
away that the local resolution of the temporarily refined
first image data corresponds to the local resolution of the
second digital image data and that a pixel of the tempo-
rarily refined first digital image data corresponds to
every pixel of the second digital image data

A weighting-value formation device, which is designed to
determine for a plurality of pixels of the second digital
image data in the section of the common registration
range, in particular for every pixel of the second digital
image data in the section, a weighting value for the pixel
in each case which corresponds to a weighting of an
image value of the pixel in the ratio of the image value of
the pixel to image values of surrounding pixels in a local
environment of the pixel, wherein the weighting value-
formation device, depending on how large the difference
of the image value of the pixel to the image values the
surrounding pixels and/or to the image value, or values,
of a part of the surrounding pixels is, implements, before
or during the determination of the weighting value, a
smoothing of the local plot of the image values in the
area of the pixel and its environment such that the
weighting value in case of larger values of the difference
is based on an additional smoothing of image values in
the area of the pixel and its environment, and in case of
smaller values the difference not, or such that the
weighting value in case of large values of the difference
is based on a stronger smoothing of image values in the
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area of the pixel and its environment than in case of
smaller values of the difference,

A weighting device which is designed to weight every pixel
of the temporarily refined first digital image data which
corresponds to a pixel of the plurality of pixels of the
second digital image data with the weighting value of the
corresponding pixel of the second digital image data,
and, in this way, with the use of information about the
finer resolution second digital image data, to form
refined first image data.

Advantages, possible further formations and variants of the
device correspond to the already designated advantages, pos-
sible further formations and to variants of the process.

In particular the device for the processing of remote sens-
ing data can indicate one of the following characteristics, or
an arbitrary combination of one of the following characteris-
tics:

An interpolation device which is designed to refine the
local resolution of the first digital image data, at least in
one local section, through interpolation between pixels
of the first digital image data, in such a way that it
corresponds to the local resolution of the second digital
image data, so that one pixel of the first digital image
data corresponds to every pixel of the second digital
image data,

A quotient-formation device which is designed to calculate
an average value of the pixels in a local environment of
the pixel for every pixel of the second digital image data,
and to form the quotient of the pixel and the average
value

A multiplication device which is designed to multiply
every pixel of the first digital image data with the corre-
sponding quotients (with reference to the location), and
to provide first image data refined in this way, which
include information about the finer resolution second
digital image data.

In this case the quotient-formation device indicates the
weighting-value formation device and is a structuring of the
weighting-value formation device. The quotient-formation
device has the feature, described at other locations of this
description, of forming the quotient and the weighting value
dependent on the difference of the image value of the pixel to
the image values of the surrounding pixels and/or to the image
value, or values, of a part of the surrounding pixels.

The device can be designed so that the interpolation device
and the quotient-formation device are operated simulta-
neously with the first and second digital image data corre-
sponding to each other, i.e. the interpolation device interpo-
lates the first image data, while the quotient-formation device
computes the quotients for the second image data.

In addition, the device can indicate a stipulation device,
which is designed to stipulate the size of the local environ-
ment, in which the quotient-formation device determines the
average value of the pixels of the second digital image data,
where the stipulation device is additionally designed to select
the environment all the larger, the larger the ratio of the local
resolutions of the first and second digital image data. In
addition, the stipulation device can stipulate how large the
environment should be which is used for the mean-value
generation and/or how the average value is determined (e.g.
sliding or in raster steps whose size is determined by the
resolution ratio).

The weighting value-formation device can also be
designed to determine the weighting value on the basis of an
additional smoothing of image values in the area of the pixel
and its environment, exactly if the difference of the image
value ofthe pixel of the second image data to the image values
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of'the surrounding pixels and/or to the image value, or values,
of'a part of the surrounding pixels is greater than/equal to, or
greater than, a specified limit value.

Furthermore, the invention includes a computer program
for the processing of remote sensing data. The computer
program is designed to implement the method in one of the
described implementation forms or variants. The program
can be stored on a computer-readable data storage medium
and/or loaded into a main memory of a computer or computer
system for execution.

Also associated with the scope of the invention is a data
storage medium or a computer system, on which a data struc-
ture is stored, which after loading into a working memory
and/or main memory of a computer or computer network,
executes the program.

The invention-related process can be implemented through
utilization of hardware and/or software.

BRIEF DESCRIPTION OF THE DRAWINGS

Design examples of the invention are now described with
reference to the enclosed drawing. Reference is made in this
case to panchromatic and multi-spectral data. However, this
example can also be generalized to the general case of the
first, coarse-resolution image data and the second, fine-reso-
Iution image data. The individual figures of the drawing indi-
cate the following:

FIG. 1 A simple flow diagram for the explanation of the
process steps, in accordance with a preferred implementation
form

FIG. 2 Schematic representation of a local partial image
area, for which there exist both panchromatic and multi-
spectral image data

FIG. 3 A representation of four pixels M1 to M4, where the
generation of an additional, interpolated pixel P is identifiable
by means of a bilinear interpolation

FIG. 4 An arrangement with a planet and a satellite, which
indicates two multi-spectral and one panchromatic sensor,
where e.g. a refinement of the local resolution of the multi-
spectral image data is implemented in a ground station on the
planet, the refined image data are evaluated and a result is
made available for evaluation

FIG. 5 A histogram of a multi-spectral digital image data
record before the refinement of the local resolution

FIG. 6 A histogram of the multi-spectral image data after
the refinement of the local resolution

FIG. 7 A part of a gray-shade matrix of real panchromatic
remote sensing image data

FIG. 8 The corresponding matrix of the quotients resulting
from the fifth process step

FIG. 9 A corresponding part-matrix of the multi-spectral
image data, which corresponds to the panchromatic image
data for which image values are indicated in FIG. 7

FIG. 10 A part-matrix of the preliminary, multi-spectral
image data refined by implementation of the fourth process
step, i.e. refined, multi-spectral data obtained through an
interpolation of the image data from FIG. 8

FIG. 11 An image data matrix of the refined, multi-spectral
image data of FIG. 9, where the lines and columns in FIG. 11
correspond to the lines and columns of the image data of the
panchromatic channel in accordance with FIG. 7

FIG. 12 A device for the refinement of the local resolution
of multi-spectral remote sensing data, where N+1 processors
are provided which work in parallel, i.e. simultaneously

FIG. 13 Similar as in FIG. 2, a schematic representation of
a local partial image area, for which both fine-resolution as
well as coarse-resolution image data are available, in order to
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clarify an example of the formation of a weighting value in the
case of exactly co-registered image data

FIG. 14 Similar as in FIG. 13, a schematic representation of
a local partial image area, for which both fine-resolution as
well as coarse-resolution image data are available, in order to
clarify an example of the formation of a weighting value in the
case of items not co-registered exactly, in order to clarify a
pixel of the fine-resolution image data of offset image data

FIG. 15-16 Matrices of image values and corresponding
matrices with allocated weighting values for the representa-
tion of the influence of an inadequate co-registration on the
determination of the weighting values.

DESCRIPTION OF THE INVENTION

FIG. 1 indicates a data record 1, which indicates both
panchromatic and multi-spectral image data. In a first process
step V1, the multi-spectral image data are processed. In par-
ticular, prominent object limits are identified for an improve-
ment of the co-registration of the multi-spectral image data
with the panchromatic image data. Further possibilities for
the operations implemented in the process step have already
been designated.

In a second process step V2, the panchromatic image data
are processed. In particular, prominent object limits are iden-
tified for an improvement of the co-registration of the pan-
chromatic image data with the multi-spectral image data.
Further possibilities for the operations implemented in the
process step have already been designated.

In a third process step V3, the co-registration of the multi-
spectral and the panchromatic image data is improved in
particular by means of the identified prominent object limits.
As an alternative, or in addition, it is determined in the third
process step V3 whether the pixels are so-called surface pix-
els (block pixels) in environments with almost constant image
values or contour pixels (edge pixels) in environments with
large gradient values of the image values. The pixels are
marked correspondingly.

The multi-spectral image data are refined in a fourth pro-
cess step V4, by interpolation of existing pixels temporarily in
such a way that the multi-spectral pixels in coarse resolution
are replaced by the new pixels generated by the interpolation,
and thus temporarily-refined multi-spectral image data are
generated whose local resolution is identical with that of the
panchromatic image data.

This process step, as suggested in FIG. 1 through blocks
represented with dotted lines, can be implemented in parallel
for several spectrum channels of the low-resolution image.
Should it happen in the first process step V1 that the indi-
vidual spectrum channels are badly co-registered with respect
to each other in the spatially low-resolution image, then the
offsets with respect to each other should be considered in this
process step with a re-sampling.

In a fifth process step V5, implemented in parallel with the
step V4, weighting factors are generated by mean-value gen-
eration, in each case in an environment of the pixels of the
panchromatic image data, and through quotient formation of
the image value of the respective pixel with the average value
in the environment. Dependent on whether the respective
pixel of the panchromatic image data is a surface pixel or a
contour pixel, the environment is selected with different size
for the formation of the average value of the image values. In
particular, in the case of a block pixel, the environment is
selected with a large value so that it is exactly equal to or
approximately equal to the surface of the allocated pixel in the
initial, first-image data not yet temporarily refined. Against
this, in the case of a contour pixel, the environment is selected
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of'such a size that it is larger than the surface of the allocated
pixel in the initial, first-image data not yet temporarily
refined. In the fifth process step V5, the offsets determined in
the third process step V3 can be corrected, in particular con-
cerning the co-registration of the first and second image data.

The fifth process step V5, generally formulated, not only
with reference to the concrete design example of FIG. 1, must
be implemented in its implementation section following the
third and before the actual data fusion of the stipulation of the
weighting values, with which the image points of the spatially
low-resolution image are weighted, according to which for
example was made identical to the spatially high-resolution
image through re-sampling, including a co-registration. The
stipulation of the weighting values, with regard to an evalu-
ation of these images, is almost completely provided with
their radiometric properties, i.e. the plot of the two-dimen-
sional image function of the spatially low-resolution image is
not changed by its re-sampling. Also possible image improve-
ments are subject to this condition in the process steps V1 and
V2.

In the sixth process step V6, which follows on the fourth
and fifth process implemented step in parallel with that, a data
fusion occurs where the weighting values, in particular the
quotients, are multiplied by the corresponding image values
of'the pixels of the multi-spectral image data. As a result of the
sixth process step V6, refined-resolution, multi-spectral
image data 2 are obtained.

With reference to FIG. 2, examples of process steps are
now explained during the refinement ofthe local resolution of
the multi-spectral image data. The example corresponds to
the case of a contour pixel.

FIG. 2 indicates schematically a total of nine pixels of
multi-spectral image data, which are represented by quadratic
areas which are bounded by unbroken lines. In addition,
smaller squares, which are separated by dashed lines, are
identifiable in FIG. 2. These squares correspond to pixels of
finer resolution panchromatic image data. Four pixels of the
panchromatic image data are located in every pixel of the
multi-spectral image data, i.e. the resolution ratio between the
multi-spectral image data and the panchromatic image data is
2:1. Inthe example of the pixel P3 of the multi-spectral image
data, which is represented in FIG. 2 below to the left, the four
panchromatic image pixels are described by M1, M2, M3,
M4.

In the fourth process step for the refinement of the local
resolution of the multi-spectral image data, an interpolation is
implemented so that there are also multi-spectral image data
located in the finer local resolution of the panchromatic image
data. An example of the interpolation will be dealt with in
more detail.

The mean-value generation in the panchromatic image
data takes place in each case for two examples of individual
pixels P1, P2 of the panchromatic image data in a 3x3 envi-
ronment, i.e. in an environment with 3 pixels around the
central pixel both in column direction as well as a line direc-
tion. In practice, the average value was formed in particular
for each of the pixels in the represented local area. Two such
3x3 environments in FIG. 2 are shaded through diagonal lines
FIG. 2. The central pixel in the further represented environ-
ment to the left above is designated with P1, the central pixel
in the environment to the right below is represented with P2.
For the mean-value generation, the sum of the nine pixels is
formed in the environment and divided by the number of
pixels. Generally formulated, the image values of the pixels in
the environment are summed for the formation of the average
value and divided by the number of pixels.
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Following this the quotient is formed for the central pixel,
where its image value is divided by the average value. If it
involves an edge pixel around the central pixel, the pixel is not
centrally located in the environment which is used for the
mean-value generation.

For the refinement of the image data, the quotient forma-
tion is a significant process step, with which the geometrical
information of the second fine-resolution image data can be
transferred to the first coarse-resolution image data. With
exact co-registration of the first and the second image data,
the average value and quotient formation can be implemented
through an allocation of the pixels of the coarse (first) and the
fine (second) image data. In case of a resolution ratio of 2:1,
(as represented in F1G. 2) e.g. the average value is determined
from 9 pixels of the fine-resolution image data (SFIM
method), if it involves the central pixel of a contour pixel, and
the average value is determined from 4 pixels of the fine-
resolution image data (PBIM method), if it involves e.g. a
surface pixel as in case of P3. Alternatively, a larger environ-
ment can also be selected for the contour pixels for the mean-
value generation.

Since in practice an exact (completely precise) co-registra-
tion cannot generally be assumed, the average value, which is
referred to for the calculation of the coefficients in the case of
contour pixels, cannot be calculated optionally through a
fixed allocation of the points of the second image data to those
of'the first image data, rather by means of a sliding window in
the second image data. An uncertainty is caused by this in the
refined image data. However, this process method leads to
better results in case of non-exact co-registration as a fixed
allocation of the pixels.

FIG. 3 indicates an example of a bilinear interpolation for
the objective of the formation of the temporarily refined
multi-spectral image data. At the corners of the square repre-
sented in FIG. 3 with dashed lines (the dashed lines are the
lines of the columns and rows of the multi-spectral pixels) the
existing multi-spectral pixels M, M,, M; and M, are located.
The line direction is represented with an arrow of length x
pointing to the right. The column direction is represented with
an arrow of length y pointing downwards. In case of the
bilinear interpolation for the generation of an interpolated
multi-spectral image point P, first computational image points
P, and P,, are generated, which are located on the lines-con-
necting lines between the upper existing image points M, M,
and the lower existing image points M;, M,. The following
calculation formulae are employed here:

P =(1-x)*M +x*M,

P, =(1-x)*M3+x*M,

The values X and the value employed in the following
formula value y in this case are between O and 1, i.e. the
interpolated value can only be between the four existing
multi-spectral pixels which are considered in the interpola-
tion. From the points P, and P, the interpolated point P is now
determined according to the following equation:

P=(1-p)*P+y*P,

Basically it is also possible to extrapolate values outside of
the surface which is formed by the points M1, M2, M3 and
M4. This can be used to advantage at the edges of the image,
if no adjacent points are present, in order to interpolate within
a surface formed from four points.

FIG. 4 indicates a planet 10, e.g. the earth. From an obser-
vation region on the surface of the planet 10, electromagnetic
radiation is emitted and/or reflected, which is received by
three sensors 11, 12, 13 of a satellite 15, and is converted into
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two-dimensional digital image data in each case. In particu-
lar, the recording of the images of the observation region can
be implemented continuously.

Sensor 13 is a panchromatic sensor which registers a larger
spectral range of electromagnetic radiation than the two
multi-spectral sensors 11, 12. However, the local resolution
of the panchromatic image data is finer than that of the multi-
spectral image data. The images recorded by sensors 11, 12,
13 are transferred in the form of two-dimensional digital
image data to a data memory 17 of an evaluation device 18.

The panchromatic and multi-spectral digital image data are
processed by a data-processing device 19, e.g. an FPGA of the
evaluation device 18, in order to refine the local resolution of
the two different multi-spectral image data. This is imple-
mented continuously in real time. For example, the refine-
ment begins of an image recorded at a certain time by a
multi-spectral sensor 11, 12, as soon as the image is stored in
the data memory 17 and can be read out by the data-process-
ing device 19.

The data-processing device 19 indicates an interpolation
device 21 which implements the above-described fourth pro-
cess step of the interpolation between pixels of the multi-
spectral digital image data. Furthermore, the data-processing
device indicates a quotient-formation device 23, which
implements the above-described fifth process step. The
weighting values calculated by the weighting value formation
unitand the temporarily refined multi-spectral image data, are
supplied to a device 25, which implements the above-de-
scribed sixth process step. In practice, the devices 21, 23 and
25 can be different areas of the same data-processing device
or e.g. be implemented through different parts of the program
of'the same program. In particular, the data-processing device
19 can additionally indicate a device which is designed to
improve the co-registration of the first and second image data,
for example on the basis of detected prominent object limits
in both image data records. In this case, the data-processing
device 19 therefore also indicates a device which detects the
prominent object limits. For example, this device can differ-
entiate between so-called contour pixels and surface pixels as
explained at another location in this description.

The refined resolution multi-spectral image data are avail-
able at the output of the device 25 and are transmitted to a
device 27, which carries out a data evaluation on the basis of
the refined data, and makes available a result of the evaluation
and transmits it e.g. to a receiver device 29. The evaluation
device 18 is e.g. part of a ground station on the surface of
planet 10. The device 27 can also be located at another loca-
tion and e.g. can be part of the receiver device 29.

FIG. 5 and FIG. 6 indicate histograms of a multi-spectral
image data record, i.e. of an image recorded at a certain point
in time, before and after the refinement of the local resolution,
in accordance with the process of this invention. Although the
process does not include any process step for quality control,
no significant changes of the color impression arise, and the
balance of the radiation energy incident on a small section of
the sensor is changed insignificantly, if at all.

No quality control is necessary, because the measurement
signals at the locations at which they could be measured are
almost retained. The fact that no quality control is necessary
is proved through the histograms in accordance with FIG. 5
and FIG. 6. On the horizontal axis of the histograms, the gray
shades of the band are placed in ascending sequence. The
vertical axis indicates the frequency (here the absolute), with
which the individual gray shades are represented in the image
matrix considered.

It can be identified that both in FIG. 5 and in FIG. 6 the
absolute frequency increases steeply to a maximum between



US 9,224,192 B2

21

the gray shades 200 to 350. Also the plot dropping then to a
local minimum with the gray shade 500 is almost identical.
The following plot of the histogram function with higher gray
shades is slightly different. In total, however, the plot of the
histogram functions is very similar. The histogram of the
refined image looks slightly different because the interpola-
tion is not calculated for integral address values. Non-integral
gray shades arise as a result of the interpolation and the
mean-value generation for contour pixels determines a
smoothing (i.e. a low-pass filtering) of the second, fine-reso-
Iution image data. The location of the maximums is main-
tained however. This is an indication of conservation of the
color impression. Also the area integral of the histogram
function is such an indication. As the example in FIGS. 5 and
6 indicates, area integral is also retained during refinement.
This retention of the area can be equated with a conservation
of energy, i.e. the refined image data correspond to a record-
ing of image data with similar incident radiation energy as the
actually recorded image data. In general, not only with refer-
ence to the design example explained by means of FIG. 5 and
FIG. 6, the following criteria are maintained in the implemen-
tation of the invention-related process for the refinement of
the local resolution:

1. The dependence of the image values (for example the
intensity of radiation or the reflection factor) as a func-
tion of the location is retained during provisional refine-
ment of the first image data and preferably also after the
final refinement to a large extent such that, in a local
environment, in particular in the local environment of
every individual pixel of the image data not yet refined,
the histogram function remains approximately
unchanged. As indicated, slight differences can arise
from the final refinement in the histogram function.

2. It follows from this that also the spatial integral of the
image values over the local environment remains
approximately unchanged.

3. Furthermore, it follows from this that also the differen-
tial of the local dependence on the image values in the
local environment remains approximately as before.

FIG. 7 represents a gray-shade matrix, which is taken from
a real panchromatic image of a satellite sensor. FIG. 7 indi-
cates the gray shades of the lines 4.224 to 4.233 and the
columns 6.636 to 6.643. In FIG. 7 the numerical values of the
columns 6.639-6.641 and the lines 4229-4231 are framed.
The central image point of this 3x3 matrix, where it involves
a contour pixel, is located in column 6.640 and line 4230, and
has the value 45. After the mean-value generation, a quotient
with the amount 0.7143 (FIG. 8) results at this point.

FIG. 8 indicates the corresponding result matrix after
implementation of the above explained fifth process step,
where, first of all, in an environment (here of 3x3 pixels) for
every central pixel, the average value and then the quotient of
the image value (here gray shade) and the average value are
formed. The environment of 3x3 image points was selected
since the resolution ratio of the multi-spectral and panchro-
matic image data is 2:1, and since with almost all pixels it
involves contour pixels. Only a few pixels are surface pixels
(for example at the position in column 6638 and line 4228 and
also at the position in column 6636 and line 4228). For these
surface pixels, an environment of 2x2 image points was
selected in each case for the mean-value generation.

It can be identified from FIG. 8 that the quotients are all
located in the range from 0.72 to 1.15. It should be mentioned
that, with the values in the columns located farthest to the left
and to the right in FIG. 7, and with the lines located farthest
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above and below in FIG. 7, it does not involve edge pixels,
since the table represents only a section of the total image
matrix.

Since the average value is computed for every contour
pixel in its own environment which is greater than the surface
of the corresponding pixel of the first low-resolution image
data, not yet temporarily refined, this can be designated as a
smoothing of image values. The procedure of smoothing
reacts insensitively to sharp contrasts, e.g. bright-dark tran-
sitions with sharp edges. In particular no artificial gray-shade
differences are generated by the refinement in the case of
panchromatic and multi-spectral image data which are not
co-registered exactly, which mix up non-existing object lim-
its.

FIG. 9 indicates an image data matrix of the multi-spectral
image data, which correspond to the panchromatic image data
for which a section is represented in FIG. 7, namely the lines
4.224 to 4.233 and the columns 6.636 to 6.643. Since the
resolution ratio of the multi-spectral image data and the pan-
chromatic image data is 2:1, the location of the lines and
columns in FIG. 9 corresponds to the location of the lines and
columns in FIG. 7 if it is multiplied by the factor 2. The image
matrix, whose section is represented in FIG. 11, arises from
the result of the refinement (implementation of the above
described process steps V4 to V6). In FIG. 11, the lines 4.224
t0 4.233 and the columns 6.636 10 6.643 are again accordingly
identified. The rectangular line in FIG. 9 in this case frames
the local area in the multi-spectral image data not yet refined,
which came about through the refinement relating to the area
represented in FIG. 11. As a matter of course, the image
values, which are identifiable at the edge of the section rep-
resented in FIG. 11, also still contribute further to the initial
image values of the multi-spectral data. These further image
values are referred to with the interpolation (in the existing
example a bilinear interpolation as explained in FIG. 3) in
process step 1.

In FIG. 9 the point M is additionally marked in column
3320 and line 2115 is marked with the value 33. This corre-
sponds with the marked central value in the FIGS. 7 and 8,
however, is an element of the coarse-resolution image data.
For the bilinear interpolation for the calculation of the inter-
mediate values, the adjacent items to the right and below with
the values 29, 31 and 31 are used. This is suggested through
dashed lines, similar to the representation in FIG. 3.

FIG. 10 represents the status of the temporarily-refined,
multi-spectral image data which is obtained after implemen-
tation of the first process step. The marked elements in the
columns 6.640-6.641 and the lines 4.230-4231 in this case
replace the image point M {3320; 2115} after the interpola-
tion with the image value 33 in FIG. 9. These image points
represent the interpolated image function at the locations
{x;y}1={0.25; 0.25}, {0.75; 0.25}, {0.25; 0.75} and {0.75;
0.75}, where the point M corresponds to the location {0;0}.
The values of the temporarily-refined, coarse image data are
determined according to the schematic displayed in FIG. 3. It
can be identified that, as a result of the interpolation at non-
integral locations in the image matrix, the original values
from FIG. 9 do not occur. This is a reason for the slightly
changed appearance of the histogram (see above).

The final result represented in FIG. 11 is thus obtained
through the multiplication of the elements of the matrix in
FIG. 8 with the corresponding element in each case (concern-
ing the line position and according to column position) in
FIG. 10.

FIG. 12 indicates a device for the refining of the local
resolution of multi-spectral remote sensing data images,
which indicates N+1 parallel processors 430, . . . 43n, i.e.
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parallel data-processing devices. For example, every proces-
sor can be realized by an FPGA. Every processor (hexagonal
bounded surface) is linked with a program memory 420, . . .
42p and with a data memory 410, . . . 41z. The five points
somewhat in the middle of FIG. 12 indicate that not all N+1
processors 430, . . . 43n are represented, rather only the
processor 430 to the left in the image and the processor 43 to
the right in the image. Above every processor 430, . .. 43n a
data buffer 440, . . . 44 is represented by a rectangular area.
The number N is an integral positive number, which is
equal to the number of multi-spectral channels to be pro-
cessed simultaneously or in parallel, i.e. it corresponds to the
number of multi-spectral image data in different frequency
ranges. With the device represented in FIG. 12, the process
steps to be implemented for the refinement of the local reso-
Iution of the multi-spectral remote sensing data can be imple-
mented, in accordance with the invention, time-related one
after each other or, however, parallel with each other. In case
of a time-related parallel implementation, the multi-spectral
image data of the individual channels to be refined are stored
in the data memories 1 to N in this design example. The
processor 43 allocated in each case, accesses the image data
and implements the process step 1, with which the data are
refined temporarily by interpolation. In order to control the
data processing of processor 43, a program is stored in the
allocated program memory 42 in each case. As a result of the
provisional refinement, the processor 431, . . . 43z outputs the
temporarily-refined data to the allocated data buffer 441, . . .
44n. However, the processor 430 is operated correspondingly
concerning the panchromatic image data. It accesses the data
memory 410, in which the panchromatic image data are filed.
In accordance with the program filed in the program memory
420, the processor 430 calculates from this the quotients in
accordance with the above described process step V5. As a
result, the processor 430 outputs the matrix of the calculated
quotients to the data buffer 440, where this matrix is stored.
The distribution of the processing of the channels and thus the
image data to the N+1 processing sections indicated in FIG.
72, can be implemented differently than described above.
Asis suggested through the large arrow 45 above in FIG. 12
pointing from left to right, the respective matrix of the refined
multi-spectral remote sensing data is calculated from the data
stored in the data buffers 441 to 44z through further process-
ing devices not represented in more detail. The same quotient
matrix from data buffer 440 is employed in this case, which is
multiplied by the temporarily-refined matrix of the multi-
spectral image data, where only the array elements corre-
sponding to each other with regard to the line and column
position are multiplied by each other. In the case described,
the data flow is a flow of the refined multi-spectral remote
sensing data which should be transmitted to a receiver. How-
ever, FIG. 12 can also be understood as a representation of the
processing of the data flow incoming from the respective
sensors. In this case, the respective multi-spectral remote
sensing data not yet refined are filed in the data buffers 441 to
44 1, so that the processors 431 to 43% can access them. In data
buffer 440 the panchromatic data are filed. The function of the
processors 430 to 43# is described the same as above, how-
ever, where they access the data bufters 440 to 44 and not the
data memories 410 to 417 represented below in FIG. 12. The
data calculated by the processors 43 in process steps 1 and 2
are initially filed in the allocated data memory 41 below in
FIG. 12. Likewise, through the processors 431 to 43n, the
quotients stored in the memory 410 by the processor 430 can
be linked through multiplication with the temporarily-re-
fined, multi-spectral data stored in the data memories 411 to
41n, and via the data buffer 441 to 44r again inserted into the

10

15

20

25

30

35

40

45

50

55

60

65

24

data flow. In particular, also the optional process steps can be
implemented with the processor N+1, e.g. the improvement
of the co-registration, the edge detection, the differentiation
of contour and surface pixels and/or the smoothing.

With the device represented in FIG. 12, other data process-
ing methods for the processing from panchromatic and multi-
spectral remote sensing data can also be implemented very
effectively, e.g. brightness and contrast changes, as well as
calibration of the data. Also these operations require only one
process step. In case of the representation of the device in
FIG. 12, to provide for simplicity, the representation of fur-
ther device component parts, such as e.g. power supply,
decoders for the decoding of data, decommutators, bus sys-
tems, registers, status displays, input and output systems,
which can be present in a known manner with data processing
systems, is dispensed with.

The invention-related refinement of the multi-spectral
image data can be employed e.g. in image-data-based crisis
information and consultation systems, which use correspond-
ing remote sensing data, in geographical information sys-
tems, in image processing systems for other objectives and
also generally with the processing of satellite data.

With reference to FIGS. 13 and 14, the spatially coarse-
resolution image M indicates the number of S columns and 7
lines, while the spatially fine-resolution image P has the num-
ber of I columns and J lines. It applies for a registration range
of the same size that S is smaller than I and that Z is smaller
than J. Without restriction of the generality, the quotients
v1=l/S and v2=J/Z are for example equal (v=v1=v2) and
integral. However, this is not a condition for the implemen-
tation of the process of refinement of the coarse-resolution
image data.

A re-sampling (for example through linear interpolation)
of the image M leads to a temporarily-refined image M'
which, as well as the spatially fine-resolution image P, has the
number of I columns and J lines and whose registration range
in the ideal case is exactly congruent with that of P. The
images M' and P are then co-registered.

By means of an design example, it is described by FIGS. 13
and 14 how the weighting value matrix used for the resolution
improvement can be determined. Two approaches are dis-
played here for the calculation of the intensity modulation of
the result of the image fusion. The two approaches are des-
ignated by Liu in the above-mentioned publication. With one
approach and/or process, it involves the processes described
by Liu “Pixel Block Intensity Modulation” (PBIM). This
approach is explained using FIG. 13. With the other approach
or process, it involves the process designated as “Smoothing
Filter-based Intensity Modulation” (SFIM) by Liu. This
approach is explained using FIG. 14.

The example of FIG. 13 indicates a registration range in
which 2x2 image elements of the low-resolutionimage M and
4x4 image element of the high-resolution image P are
located. In this case the ratio of the resolutions is v=2. In FIG.
13 the pixels of the low-resolution image are represented by
the four differently shaded areas. The scored lines indicate the
raster of the high-resolution image. Four pixels p, of the
image P and m';; of the image M' correspond to a pixel m, of
the image M. The four pixels of the image P and the image M'
in each case form a pixel block (an environment), from which
the four weighting values w,; are determined for this block:
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-continued

i=n j=m
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u is the average value of the image values over the n*m
environment in this case (that is the nxm pixels of high-
resolution image data), where n and m are positive whole
numbers. In the case of FIG. 13, n=m=2 applies.

In the case of FIG. 14, a fault of the co-registration is
present for the high-resolution image data P and the low-
resolution image data M. It involves a shift of the high-
resolution image P in line direction by one pixel of the high-
resolution image P.

In this case, the weighting values w,; according to the SFIM
are determined as follows:

1 =i+ N j=ji+N

& "*"i:ZJNj:JZNpU

p is the average value of the image values over an n*n
environment in this case, where n is a positive whole number.
In the case of FIG. 14 in which n=3 applies, the environment
is enlarged in comparison to the BIM method by one pixel in
line direction and by one pixel in column direction (this
means in this case that the nine pixels environment has the
high-resolution image data).

Unlike the publication of Liu, the process proposed here
assumes the following:

PBIM is not only applicable on multiple-channel and dit-

ferent-resolution images of a sensor system,

SFIM is also applicable on multiple-channel and different-
resolution images of a sensor system,

Both methods can be used simultaneously for one and the
same image data record, for the determination of the
weighting value matrix.

In the following, the influence of an inadequate co-regis-
tration on the determination of the weighting values is
explained by means of FIGS. 15 and 16, in the case of the
application of the PBIM method. Represented to the left in the
two figures is an arbitrary pixel block from the high-resolu-
tionimage. The resolution ratio v has a value 4 in the example.
In FIG. 15, the pixel block has an average gray shade of
94.375. The corresponding weighting value matrix obtained
by PBIM is represented to the right. If this pixel block, due to
insufficient co-registration, is offset by only one pixel in line
direction with respect to the lower resolution image (FI1G. 16),
the average gray shade in only 71.875 and other weighting
values therefore result of w,; for the weighting value matrix.
The result image E, whose image elements e;; calculated from
e,~w,*m',, are incorrect and an object limit (here identifiable
at the gray shade jump from 10 to 100) appears in the result
image E at the incorrect location.

Therefore it is proposed, on the one hand, to check the
co-registration and (if required) improve it. On the other
hand, it is proposed to implement an additional smoothing for
contour pixels with the objectives of the calculation of the
weighting values, such as for example is the case with the
SFIM method.

The extent of the effect is dependent on the size of the
gray-shade differences in the pixel block, i.e. at object limits
in the image it is clearly visible, while in uniform areas
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(almost the same or the same gray shades) on the other hand
it is not. The effect can be reduced through the application of
the SFIM process with the determination of the weighting
value matrix, namely at object limits. In uniform image areas,
both processes lead to similar weighting values. This opens
the possibility to use both processes (or equivalent processes
resp.) for the calculation of the weighting value matrix for the
purpose of the refinement of the local resolution, and thus for
the image fusion, namely the SFIM process at object limits
and the PBIM process in the uniform image areas (e.g. in the
area of objects with almost the same or the same image value,
e.g. gray shade).

An example of this is explained in the following, as to how
object limits and thus contour pixels are determined in digital
images. The weighting value matrix W is used for this, if the
weighting values are calculated in accordance with the SFIM
process. If their elements wij have an amount approximately
equal to 1.0, the corresponding image elements pij of the
higher-resolution image P are located in a particular quadratic
nxn pixel size environment which is almost uniform (where
the whole positive number n in line direction and column
direction is generally greater by 1 than the resolution ratio v).
If'the amounts deviate considerably from 1.0, the correspond-
ing image elements are part of an object limit. The size of the
deviation from 1.0 can be considered as a threshold value or
limit value and can be preferably adjustable, which means
given individually for the implementation of the process. As
a result of the thus possible differentiation of the object limits
ofuniform areas, these can be subjected to a separate numeric
processing, which must not include the application of the
PBIM process or the SFIM process.

If an identified uniform surface is larger than a pixel block
defined by the ratio of the spatial resolutions in the high-
resolution image, a constant can be determined for this larger
uniform surface for all pixels of the surface-identical weight-
ing value. This means that the average value or the weighting
value in uniform surfaces can be calculated not only in an n*m
environment (see above FIG. 13), but also in a large, irregular
surface that is bordered by a polygon of edge pixels.

The invention claimed is:

1. A method for the processing of remote sensing data
comprising the steps of: processing first digital image data,
wherein first digital image data, which are, or were, obtained
by remote sensing and which are the image data of at least one
first measuring channel with the use of second digital image
data, which are, or were, obtained by remote sensing from a
registration range in common with the first image data and
which, in comparison with the first image data, are image data
with a finer local resolution of at least a second measuring
channel, wherein

a) refining a local resolution of the first digital image data,
at least for a section of the common registration range,
without utilization of image values of the second digital
image data, temporarily in such a way that a local reso-
Iution of the temporarily refined first image data corre-
sponds to the local resolution of the second digital image
data, and that one pixel of the temporarily refined first
digital image data corresponds to every pixel of the
second digital image data,

b) determining a weighting value for each pixel in a plu-
rality of pixels of the second digital image data in the
section of the common registration range, which corre-
sponds to a weighting of an image value of the pixel in a
ratio of the image value of the pixel to image values of
surrounding pixels in a local environment of the pixel,

¢) implementing, dependent on how large a difference of
the image value of the pixel to at least one of the image
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values of the surrounding pixels and the image values of
a part of the surrounding pixels is, before or with the
determination of the weighting value, a smoothing of a
local plot of the image values in an area of the pixel and
its environment such that the weighting value in case of
larger values of the difference is based on an additional
smoothing of image values in the area of the pixel and its
environment and in case of smaller values of the differ-
ence not, or such that the weighting value in case of
larger values of the difference is based on a stronger
smoothing of image values in the area of the pixel and its
environment than with smaller values of the difference,

d) weighting every pixel of the temporarily refined first

digital image data which corresponds to a pixel of the
plurality of pixels of the second digital image data with
the weighting value of the corresponding pixel of the
second digital image data and in this way refined first
image data are obtained, which were obtained using
information about the finer-resolution second digital
image data.

2. The method according to claim 1, wherein the weighting
value is determined on the basis of an additional smoothing of
image values in the area of the pixel and its environment, if
and only ifthe difference of the image value of the pixel of the
second image data to the image values of the surrounding
pixels and/or to the image value, or values, of a part of the
surrounding pixels is greater than or equal to, or greater than,
a specified limit value.

3. The method according to claim 1, wherein, in case of
determination of the weighting value for every pixel of the
temporarily refined first image data, an average value of the
image values of the corresponding pixel of the second image
data, and its surrounding pixels in the local environment of
the pixel, is determined.

4. The method according to claim 3, wherein the average
value of the image values is determined in a local area of the
second image data, which corresponds to the local area of the
corresponding pixel of the first image data not yet refined, if
the difference of the image value of the pixel of the second
image data to the image values of the surrounding pixels
and/or to the image value, or values, of a part of the surround-
ing pixels is smaller than or equal to a specified limit value.

5. The method according to claim 3, wherein the average
value of the image values is determined in a local area of the
second image data which is greater than the local area of the
first image data of the corresponding pixel not yet refined, and
which includes the local area of the corresponding pixel of the
first image data, if the difference of the image value of the
pixel of the second image data to the image values of the
surrounding pixels and/or to the image value, or values, of a
part of the surrounding pixels is greater than or equal to, or
greater than, a specified limit value.

6. The method according to claim 1, wherein the weighting
value is determined for at least a part of the pixels in the
plurality of pixels of the second digital image in the section of
the common registration range through formation of a quo-
tient of the image value of the pixel and an average value of
the image value of the pixel and the image values of the
surrounding pixels in the local environment of the pixel.

7. A non-transitory computer readable medium storing a
computer program for the processing of remote sensing data
which when executed by a processor causes the processor to
implement a method in accordance with claim 1.
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8. Computer system on which a data structure is stored
which, after loading into a working memory and/or a main
memory of a computer or computer network of the computer
system, executes the program according to claim 7.

9. A device for processing remote sensing data, wherein the
device is designed to process first digital image data of at least
one first measuring channel obtained by remote sensing, with
the use of second digital image data which are, or were,
obtained by remote sensing from a registration range in com-
mon with the first image data and which, in comparison with
the first image data, are image data with a finer local resolu-
tion of at least a second measuring channel, and wherein the
device comprises the following:

a processing device which is designed to refine a local
resolution of the first digital image data, at least for a
section of the common registration range temporarily,
with the use of image values of the first digital image
data, however, not the second digital image data, in such
a way that a local resolution of the temporarily refined
first image data corresponds to the local resolution of the
second digital image data and that a pixel of the tempo-
rarily refined first digital image data corresponds to
every pixel of the second digital image data,

a weighting value-formation device which is designed to
determine, for a plurality of pixels of the second digital
image data in the section of the common registration
range, in each case a weighting value for the pixel which
corresponds to a weighting of an image value of the pixel
in a ratio of the image value of the pixel to image values
of surrounding pixels in a local environment of the pixel,
wherein the weighting value-formation device, depen-
dent on how large a difference of the image value of the
pixel to the image values of the surrounding pixels and/
or to the image value, or values, of a part of the surround-
ing pixels is, implements, before or during the determi-
nation of the weighting value, a smoothing of'a local plot
of the image values in an area of the pixel and its envi-
ronment such that the weighting value in case of larger
values of the difference is based on an additional
smoothing of image values in the area of the pixel and its
environment, and in case of smaller values of the differ-
ence not, or such that the weighting value in case of
larger values of the difference is based on a stronger
smoothing of image values in the area of the pixel and its
environment than in case of smaller values of the differ-
ence,

a weighting device which is designed to weight every pixel
of the temporarily refined first digital image data which
corresponds to a pixel of the plurality of pixels of the
second digital image data with the weighting value of the
corresponding pixel of the second digital image data,
and in this way, with the use of information about the
finer-resolution second digital image data, to form
refined first image data.

10. The device according to claim 9, wherein the weighting
value-formation device is designed to determine the weight-
ing value on the basis of an additional smoothing of image
values in the area of the pixel and its environment, if and only
if the difference of the image value of the pixel of the second
image data to the image values of the surrounding pixels
and/or to the image value, or values, of a part of the surround-
ing pixels is greater than or equal to, or greater than, a speci-
fied limit value.



